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SERS applications are generally restricted to ‘free-electron-like’ metal (such as Au, 
Ag and Cu) nanostructures. By changing the working mode from direct contact (SERS) 
or non-contact (TERS) to the shell-isolated mode for surface Raman spectroscopy, we 
have avoided the long-standing limitations (inaccessibility or difficulty) of SERS for 
the characterization of atomically flat surfaces of various materials. We name it as 
shelled-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS).  
The use of a chemically inert shell coating (typically 2-4 nm in thickness) around 
the SERS-active nanostructure has several benefits: it keeps the gold nanoparticles 
from agglomerating, protects the SERS-active nanostructure from contact with what is 
being probed, and allows the nanoparticles to conform to different contours of samples.  
For SHINERS, we engineered gold nanoparticles coated with an ultrathin, 
continuous shell of silica so that the gold core generates a large surface enhancement, 
and the silica shell controls the distance of the core from the surface to be studied and 
ensures that there is no interference from processes on the gold itself. In this way, the 
nanogap width between the gold core and the surface under investigation can be easily 
controlled by the shell thickness. The main virtue of such gold core-silica shell 
nanoparticles (Au@SiO2 NPs) acting as ‘smart dusts’ is that they can be easily 
prepared and then spread over surfaces with diverse compositions and morphologies.  
Using SHINERS, we have obtained high quality Raman spectra from Pt and Au 
Atomically flat single-crystal surfaces with different facets in an electrochemical 
environment, from Si wafer surfaces adsorbed with hydrogen, ZnO nanorods, living 
bacteria and fruit. It has been shown that SHINERS could largely expand the diversity 
of SERS for applications in materials, life and environmental sciences.  
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